Japanese laid open publication No. 2001-345498 (No. 3 in the 
attached list) is published on December 14, 2001, based on the 
application filed by Yamaha Corporation which is the assignee of the 
present application (ser. No. 10/052,525). 

It discloses magnetic sensor having two or four TMR elements. 
Some of elements have pinned layers of which magnetization directions 
are fixed along to one direction. The other elements have pinned 
layers of which magnetization directions are fixed along to 180° 
reverse direction. They may be formed on the same substrate. 

Note that the directions of magnetization of the pinned layers are 
parallel, and therefore there is no TMR element which has a pinned 
layer of which magnetization direction crosses a magnetization 
direction of any other TMR elements formed on the same substrate. 
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mts z> i s mtm t mfet&ikm r urn ta a s mt 
m v> m iz ft intiti t z-s/vTU b > * a «d 

u/j^fecDi, mt^.miM'mjimt^m.n^m^.v^ wis 

mm% b >*)i®%m i ?T'$> -> xm^mmtsnrz 
<d -a* <t (Wsaesis. h > * /was**^* ? xmrnmrn £ 

nig h y*>m%m?<»mj£mtm<Dm<t<Dfa2ft& 

m^jgsss $ nfcfiSg. h > f ©(tiiiS t * hu Ida 

mmf£m<njE^tn.mtiz^n^rimmL, Buta-**© 
iHiBSEjii©'5^a)ffl<7)iigSK*«»ifja«aiiiRsnTv» 

>+)-„ 

mj£zntzm£&<tstmt<DftZfiW&&ft-iz&vx 
mnf§i\z^nrztmmt.^hjxrs.^'pts.< tt.-o 

T. 

$km=f-v>wifemtm<»mmfaz t warns, h >*a^ 

fttltf <7) 3 *> oOftfi Wfigg h > ^)V?h%%^- */)H5£5&fbJt 

m t. ft BJflJ C tt^ t . hm gafisa h > * A** RJR'P ©(Bin 
frcoifi f »rS]*mrEfttil fi-t^^o \zffi$LVtz d £ ftt# 



SftT •& i fftJKftB t mriaH^^ftiSR^mffas ssafb 

H<D^^ft*tifci|fii»B<!:ft^^^^)^ 1 mi4B 
th>WMifi. ftH^fcSBa-t^-tH'fc^T. 

A«R J*<0|6] * £ &3 =t -5 JCHJB 1 ft SS 2 Km h > ; ^ 

jm&m? ftia^T^ t <t feici^m i m% b y^mh% 
m z F-tm^2m^b>^)vm^m^-t^^-^zxam 

s £ 1 1> tr isisb 3 m% b > ^ibmmm? tm^4 m% b 
£&&-mzT&nt\s. mm3m%.b> 

*ji»ft*fffltt*tH«4 m.% b > 

« t ft «aaeeat«i£R©iES t t iz^n^nmn 

com&M ft as ^ r s «t a tr «bk u r t ft *#» t -r s e 
Hfisa^ i Rism 2 mm. b ^^wja^^sttSHBR 

T^bT-sBttss *^ e» ^ s i *^{b^ t . i?«j!a@/Efi8<b 
s t wta g *^{be i t: ft s nfc*&^n t ft # hjxti % 
m%b>*)\sW&mi-zm&ffitt&^>v(»mmj3 

Suiass^ba t - mrtas &m<tm <t 

<hft#o«nft:ft¥-ajaisJitc«»^-r«.xei:, 

ita^^b^rsi^^'W^©^^ t^c-Scto (zi^fi® ft 
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m<DM<t<Dft2tfm&i , fil£V>faZ £&Ktt<Dft£ £ttz> 

i. o \z m&'&m zmiftz i§ t £^ /vtz z t t 

mfr^tezmfemitmt. mitofaztfn&mmzfcc 
m t fitie e mmitm nzm^ ntz&mm t s 

t z^tsm.m&*^-<nmw.±-\zm!t¥Zfct sis t . 
mm&commit<n±mztt LTffife<Dfaz 5- 

\^tzmzmm§^<n^m^±mzn\,x^\%m^.^ 

[««*W>l«ffl&tJl9i] 
[0 0 0 1 ] 

^fr#(lB£2*ifc@;©&{blii, fiS<tcD|B]^^nSRiK 
[0 0 0 2 ] 

^mmirc&^mn.&tn.m^ cgmr^t) 7W£<tn 

bfitl^. *ifi-C«. AMR*fXUGMR$ 

0 t>mjSfi*a^b^*£ < i L 

Tl^h>^M$f (TMRif) A^l^tlTfe 

So 

[0 0 0 3] 

HI 711. SttftSg£2 5, 9 0, RZfil 5 OtCfffc 

t>s, mi 7frt>mm2tiz>£?iz. 9i&&Rrf±£< 

Stated D tc&S 2> utfrf>, ccoi3 

Sgf^fffliii^-fe >+M:iffl^S-£:tiB8tT£> 
S„ 



[0 0 0 4] 13 1 8 US 1 HZ^Lfzmfcf&mZ: 

tot, &^SSlC^tS&jAffiro§*<ii: ft/hit £ 

it S *f CO (nj # "C * S 75 1 £ ^ tfcS T S 7t 66 ( c it . 88 §C -fc > i) 

@18*^l*$n^J:^l:. Z.<D%?iZ&^X 
it. *<Dt:?ti8itii£ftotzlt><»my)teWim&2 5~l 

[0 0 0 5] 

[0 0 0 6] JM£#HcH. *^<D«f8![c7)-oH. ig»K 

mait. mit<Dr^^fH^.(D^izm^tifzm^ 
itm tmiwfaz*w&mmz&vx : $c.ii-tz>& a«ft 

igiiUf t^^T&samh^Jia^'f £. 
tzmmzmmi-. mmn. h >*ji^** : Po«njj> 

-So dcoJt^trfel^T. Wie^fiSa h > ^iWSft**^ 

«, ra^fis<b^t7)@^$nfc^fb«r«]^^i«&iM— ift* 
[0007] iise^mnctntf. Hn:^tfc=t^ic:, 

SSfiSfblioomfbcDft * t in -I s ! £ XHR**[S] # <75fiS^ 

fc«^(D»ta^fb^£^-n^n- A Rd. +ARui:TS 
t€> tH^ffia£Voutcoft^c«Vmax. {ft/J^iVminUT 
8e»l, »2TRSti*. 
[0 0 0 8 ] 

[gel] Vmax=Vin/' (2- (ARcl 'RO) ) 
[0 0 0 9 ] 

[IS 2] Vmin=Vin.-' (2+ (A Rti RO) ) 

[0 0 10] tZ^X. iah>*.llv!ll*f(i. SHE 



(4) 



^^2001-345498 



H 1 7 OJB^WTtt, A Rd/RO (ARu./RO) 

n. «*iii2 5, 90, stfisoTcnau -e-n-e 

n, 0. 065, 0. 056, RtfO. 0 4 9ggT* 
5, SEoT, »«iaflg^SEftLfc»^T**oTt). ±E 
aa^>^^m^«/£VoutooftxMVinaxviO. 5 IV 
ingJSOBS-Sttct^O, ffi*«lEVout<0*/WiVBin 
tt, 0. 4 8 Vin8««)K— K±ctO> ± 
Eft«*WT*«S-fc>1i"tt* fift#tt**&#&fcoD£ 

[0 0 1 110211 ±SEc7)iai 7<Z)«£l:ffl^fciSl 

h ; life «t o ±ea— ? y u * ?t§i& £«Wt 

;Mi$Vmax (^-f >A) .hS/httVmin (^<>B) £^ 
Vout<0«^«Vmaxih*'hMVminc!:**H--<Z>«*<i:S 

fiEVout^fflS-rsfi) ±ESt*fl«<0£«K«O 
»fi-r*Ct*«-C** (5-f>C#BR) o BP 5, ±E« 

iz, &%.mmztix^u^&^ h >^;i-a** i P^M* 

*1ES:W*«JEV 'outtUTKmTClifeTS*. - 
cDts§£rl;H ttl;frfiJ[EV ' outcoa^fgV "Bax&tffi'h 
6V 'rninU iSSKm/EiK<7)ta/EVin*^±iea/J^fiVin 

[0 0 14] fyfcMHH *5B*<Z)«l<otS«ti, fiflS« 
EEiS t , «f t <0 ft # *<»r£ CO fa # ll H 3! 5 *lfc 

Jg H-fe > It K £> ^ T . fill EEBSl h > T>;kMi?t o 

tasM^nt^^^ -a t rn e«$s, h > * a as** 



^^(^ft!iSchHtj|fi^^^^n^Kmh>^;l/a:f:S 

B»E«aMsnfc«a h >*u-a**f «)«s« t * w 
immnf£^<Dnmt]Emt\z^rnftimmL, mm- 

i: BfJEfiBSuEiK Sht^Jit h > £ 

[0015] ^m:inn H3 tc^L/ict^t^ ±e 

7j^ij *y^@&<Z)lij;fr«ffi£:Vout<hU fiSMif£ig 
<Z)*JE£ViiL »E«»h>*^**'P^*WBi**« 

ARd, ARu<ht~5££. tU^mEE Vou t<Og^:fiiVma 
x, */J^«VBinttTE»3. ft4TH3*l£. 
[0016] 

[ft 3] Vmax-Vin./ (1 + 2 • (RO/ARu) ) 
[0017] 

HS4] Vmin=Viny (1-2 • (RO/ARd) ) 

[0 0 18] &3, ft 4, KtfHl 7cO«ffi^cfc*l«. 

2 5 — 1 5 Ot^lfiHTXftTSt-S, ft* 
HVBaxttO. 03 17Vin~0. 0 2 3 9 V in<DfcTC 
«fttS, g'HIVminU - 0. 0 3 3 9Vin 

- — 0. 0 2 3 9 Vin<BPa-C£fKf fin^>, ±E*« 
(Ccfctltf, W*«J[£Vout(D»^:«VBaxi:»'h*Vmin 
tCOM (0. 0 6 5 6 Vin-0. 0 4 7 8VinMC#L 
T, Hm*«JEVout©»*ia*^ctS*i(l (t^J^«^ 
*^ttVBax<7)aiaia««IK^ck^K»l»=0. 031 

7Vin-0. 0 2 3 9Vin=0. 0 0 7 8Vin, fi/Mt 
VBinO)8l*ia«^cfc**»l»= 0. 0 2 3 9 Vin- 

0. 0 3 3 9 Vin=0. OlOVin) ^t^hS^o * 

5a*-y-tD»R«ft»tt6*t4. fi£oT. ±E* 

[0 0 19] B4I1 ±EH1 7<n®mzM^tcm%h 

Vmax (^-f>A) i^/J^fiVmin (^f>B) £^L7c 
BT»5. B4*^a*Stl*cfc'5tC, JiElBa-fe^-y- 

Voutcoft^IV max <h ft/Mi V min <h^-coffit^S 
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-r-s .t$mmum<D tmzm guar*-* 

Ctfr-VZZ (y^yC&W) . BP 5. iE7A7U-/ 
KiSHTfc. ^»frW:£fa<D^{b£«*l;:&tijU#3 
[0 0 2 0] #36iJB»fi!l<y<ft8Mi, «B^h>*JMai£*i 

[«18S £«fe£ b Tiat > -y- i L tz Z t II $> £ . 
[0 0 2 1 ] *?S^roffll<7?**Mli. ittfStm 

H £ mit <D [6] # *«n 91 II £ U T gfb r s § * &<t m 
«, [^--S1S±(Cff^lT&ct<, J43iLfcS#t±H^ 

[0022] cintccktui'. mb^Ltzkokz, m.m 
mfr^rzm&<Dmm^v>t&*n%.ikft& J ttT- J ?ft- a r 

d, ARutT 3£€, H'.^ftJEVoutOM *:{£ Vmax. ni 
'HIVmin«TI5!&5. &6tr*£n-5. 
[0 0 2 3] 

[85] Vmax=Vin- (RO+ARu) (2R0+AR 
u-ARd) 
[0 0 2 4] 

[86] Vmin=Vin- (RO-ARd) ,' (2R0+AR 
u- A Rd) 

[0 0 2 5 ] «ah>*»ia«*-'FJ:*s^»T 

(J. iRu=ARdt*SOT, AR=ARu=ARd£i3 
<£. 85, 8 6(±. ir^'fl. UAT<£>& 7 & 8 tt 

[0 0 2 6 ] 

[87] Vmax=Vin- (1+ (AR.-'RO) ) /2 
[0 0 2 7 ] 

[88] Vmin=Vin • ( 1 - ( A R, 'R0> ) .' 2 
[0 0 2 8 ] CWigi^. 0 1 7 ©JD^Kffl ^fcfiS^ h > 
^Aym%^m\Z^L, ft^taVmaxH. 13 2^7 



-f /DCT^L fccfc^KO. 5 3 3Vin~0. 5 2 5 V 
ingSifcO. ft /WfiVminttm 2(7)^1- >ECT*L 
tioCO. 4 6 8Vin~0. 4 7 5 Vingffi<i:^£-&o 

lot, m%mmLfzm%h>*)i?mm-?tm%&m 
Ltz^m%h >*)\s%}%m?tiz£t) /\-yzf>) v?® 

tz, z<nm%-t>-y-\zt5i^Th. n >c<d&^\z* ft 
[0029] *&m<Dm<D&m^ «s& h >*;us&** 

iro^TU. ^<&Hj£«{bJB<BH£anfc«fb©fi]§ra< 

[0 0 3 0] AftWtli. *^0«CDflfiW*#(»li. lSSS« 
JliHii:. 6SlbW|S]#^0f^<7)|p]^HH^$nfc@^'(b 

ii«i:«fboiRi**^aw8»«"iEc;T3E{b-r«a*«fbii 

wH^«fbJirofiSfl:<z)i«a* t« 2SSh> 

y^ii^mTtzs-mzxtmL, mmim%h> 

# <t m 4 «am h > ^;i/^i*is? L <o@^«S'fbB©^b«i^ 
^(O{a?tfiS<bB0 fiS^bcoisj^ imfffijg i KM h 

«fc '3 irl^fg 3 Rt/[^m4fiS« h >^^x!l** J F«:Be 

isf •& i: 1 1> n rase 3 h > ^^a** 1 ? tm&4m 

h > t rate 4 figa h > ^ fvmgm? 

<Dm^£zmmmni£m<DiEmt&mt\z^ti?n& 

> 5eb i cog^fgpl'i i . H«te^ 3 h > 

$ 4 ®^ h > 1» ^^t- t <nmmm~rJi t <o 
rawmiiM €: fcb tj-t -s ct -5 nt»^ t c t \z $> z> 0 

[0 0 3 1 ] C«7>«^. iiE^JU^'Jy^lHFtt^^H 
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im% h >*)Vvmm=?- CO&* £^£&S«_kl;:Jg6tt 
1 t>X#-5<, 

[0 0 3 2] CWJ;^{cffiB£$nfcmg:-t>+)-tr*3^T 
r pc0im6 t (Dtt&M^ttS J]-mi£ Vou 1 t L- T tH ^ $ 

n. Balaam h y^n'MfkmTiznm&ft-tftntovx^ 

3R ; F-©fitaSgfb»£ ; E-n-€-*n-ARd, ARuitSi 
tH^mffiVoutcoft^MVmax, */JvttVmintiTIB 

»9, ot-asns. 

[0 0 3 3] 
[&9] 

Vmax = (ARu+ARd) / (2 RO+ARu — ARd) 
[0 0 3 4] 

[su o] 

Vmin=- (ARu+ARd) ( 2 R0+ A Ru- A Rd) 
[0 0 3 5] -ASMC. ««h>*;UJ»**^K*f'>"C 
li. ARu=ARdX£.3cOX. A R = A Ru = A Rd £*3 
<t. »9. ftlOtt. t-fl-Ptl, KT«)S11RI«! 

1 2\z%.&2nz>o 

[0 0 3 6] 

[gel 1] Vmax=2 • AR.-^RO 
[0 0 3 7 ] 

mi 2] Vmin=-2 • AR/RO 
[0 0 3 8] |gl 1 7 <7)ai5£WC*>^Ttt. CCOAR.'R 
OCOfi&liO. 0 6 5-0. 0 4 9t«otSiiag»f 

{btc«fc-5j|MBA i 'J^^.> ifc. roffi|p]liaMh>t^u 
S***^(c-teWxffc*. Sot, iE7J^'J7f0 
£§cof&^-t >im. ja*»tt*%#S tifc fc« t & *. 
^fitVmaxUlEcOtax&O. S'hfS Vminti^cO 

iT*o. ^nero+*iu roj t-*s. fct. fi 
r o j ^Htti-rscitiriO. fl-gW&^coft^coSMb 

[0039] *5ewwteoi#»tt. BMfcoiSi** 1 
pTf 5£ co fa i? c sijg ^ nfc&ttB frt>tzz> mfemtm t . 

S3 s«<bB t . HttBiS/gf&fbB t fltrte S &j8<bB t teffc 
jit. mimm^m^mizH^nrcmmm t^tsmm 

O CO - -3 co«B {* (C *t *\ v K t ' «t 0 68 # £ 4- 

cofa $ ^ffr$£ co [o] # t & -5 i 3 H |h]6M4 If £<&fbT Z> I 
St, HfrK«Ji(*:W-5^<7)ffl(75ttJl^JrWU®M^v/ K 



KJ: 9 i^stn^owsaH^^bSt^-s^ 

co^lbcoi^ # ^mJieBf ScO[6] € t BSSMcDfS] ^ 
£ft5cte>tr[s]&ttB£&{bT3Igt£^£c:ttc 

[0040] nco»jt*i*tc«tntf. H^Wbdcofigfb 
cor6i#^s*fcoi6]€ t&o ±ieaa-b >-9-£m- 

[0 0 4 1 ] #5E9i<&*&0**«tt. «fb©[6l#^ 

@£&{bBt. HfflBS^fbBtHSlBgBafiSfbBt^* 

««^fc«Sii-fe>-y-<osjfi*ffi^*s^T. HtriBH^fb 

Bt&-5~c£EHtBt. HtrgBafflaKfcBiftS^Satt 
It. fl(TEi55«ttBa>(Ht:»E*nfcieil»B<hS:^traB 
^^^-W^i^S^fiKTSXSt. HU!B«ftcofft 
B#cO^fC*fbT^C0I«]^comi?-€:#^.TI^a©:cO 

St. miiaf«B&co?*>cO'>te< tfc-o«)«B#S:B 
^iSig L fc«KMie««c<B«H#0>£frK*t LTSflfBflr 
^co[6] # t HBSS»c0)(p] # co^^ X.T iifjf2fi£5u£f& 
$ nx I >MBfc<BffltBB£«Bfl;» £fc s-^SfiBttB 

[0 0 4 2 ] dC0K^7Jffi(-J:^Tt.. H^^bBcOM 
fbC0[6l#^M*fC0l6]^t^toT^-5±fefieM-fe>-y-$r*- 

[0 0 4 3] 

?4 * ffl ^ fcmm-fe > -y-co &nfcmmz o t » t . isj 

►SiftW-rS. 014H ^^•2>^Mh>^^*^^^-cO 
-»**-T«lSWrSf0T»O. 01 5 Refill 6tt. 0 

[0 0 4 4 ] CCOa^.h>^^»b^* : fH. ^Ixtf S i 
O2/ S i . ^7^Xli6^^^5lil 0$:«bAT 

coTgUffilS 1 1 jJ««*l«ilCiff3fe«>|IIIM*MTT— MICK 

XS.-5Cr (XBTi) Ili^DllOnmlSCM 

snxi>-5. &r&nmi i±cu. 3>"a««i it 

oPtCr) fl>5ft5(W3 0 n mSKroffcttttK 1 2 

wn^n«isnti»5. 2«. 01 6co 

*:En#rn](rfi8{bsnxu-5. 

[0 0 4 5] &3Sai4B^ 1 2 Jtt'lJ. RJV 5 nmfi/gcO 
N i F e ao>3&81*g 1 3, 1 3 A^HR8S:I^ 

TT«HSnTc»5. C©»«ftI13, 1 3 (i. 
«(r*3UXS*^« ({SJ^(±'. 2 0X12 urn) fe# 
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m^mam 1 2(D®.ikJjfttm-£tez>£o\z&m2 

£<0»«ffiBl 3 IS. 3fi«ttlSl 2 tta»u 
TfiBfkCDlS] £ nfc® KlKti O&ttKT** -5 H£ 

®{tH (@*Jf) Sr^fiTf 3fcGDT-&9. 3${B1±I«1 2 

TV*. 

[0 0 4 6] 1 3 ©±Ktt. PJ3i!&ttlSI 1 3 

*fe»JI 1 4 IS, i»ttfi-C»5A 1 2 O3^6^0. ^CD 

[0 0 4 7] itll 4CD±tCti. p]*6#Jf 1 4tm- 

&&ffiit L 5 IS. *fe^Jl 1 4 Ktrr £!IJP 2 11 mfi^<£> 
CoIiTStl. ^CoiCf^lf 6 0nmgS 
«N i Fel8£±JI<h-rS2@18ifi£*rLTV>5. tt& 

&ki 5 is. ^-©«fk«)iRi#**na5e5foifii#f:*i;T 

Haia^fiSttK 1 2 . 1 3^e.fct^H^<bii<hflftia*e» 
1 1 4ttfci:iM^>WiaiMMl,tt^. 

[0 0 4 8] 1 5 <D l:\Zit, mttS.W&.Wk 1 

5 <tp|— ¥-ffiMiK<nys.-i& 1 e^n-enif^snT 

(,>-5„ d CD ^ 5 -fill 6 IS. If 3 0nmf!S«MoK 

So 

[0 0 4 9] SIS 1 0 . TgBWS 1 1 . Stiffen 1 2 , 

1 3 . mmm 1 4 . &<8%k 1 5 Rt/ys -r 1 e £S 

3 a»©TWtBfl|l 1 RtfSittflift 1 2 

fc-#]4>S$mttfil 1 3. JfiftJI 1 4. 1 5RZf 

1 7^iStt^nT^-5<, Bfflffi&Jll 7ti. {Ctli'S i 
C^rt^ftD. J e»^lPl±2 5 0 

[0050] zwrnrntsmm 1 7 im 1 6 

5o 1 7 aS:l^t5ttfel:, 

Sfc-STaWMf 1 1 Ktf&lBttlBS 1 2 ±lc;£ttfc~;*ttf> 
y^-li 6, 1 6c7>&-^tB t j$aotrmaW(r«E^-r 
&<£5ir. MZ.\im93 0 0 nmCDA 1 ^b&3-hgB* 

Mi 8. i8^n-E-*nM3nTU5. ^«=toc. 

TSSWffi 1 1 RtWtKttK 12t, ±HGmi$ 1 8 tC «fc 

is, is (&y5-ii6, i6) t&imami 
2. i 2 £&*ti?n3cmzM:km.m.mz&ffiLT> m 

[0 0 5 1 ] 01 711 101*7)2 < 2 mm 2 

com^Etr. JLaior)^M 1- >-^5i&£S§ ; P£ 5 0 0 fg (1 



5. cro0H*5t>T. 7-f>A, B, CIS. m*ia^$r 

-en-en 2 5, 90, st/15 o < cic«{ts-e-fc*^tc 
1.5. 01 7*^a«^n-5J;^tc. ?v^#^^^< 

[0052] #ir. *«wtc±*affit*it*«efc»snfc 

[0053] 1 mmmm) 0 1 1-* ufeig 1 
miz&zmmii^vit, 0 1 4icni-tsaj£i oi:m 

>-*.W**f3 2i^IATM. fiS^,h>^)l'/^m 
$f3 1, 3 2<Tx&X\t. 0 1 4~01 6tr^bfcJ;-5 
fc. H-«J**»&/J:*lt*« 5 OOP) ©B 

> * »UJ***iF 3 1,32 Sr«J*T Sffi3B«ft<B«3[ h 

--#(n] (0 1 K^HT^T^IrJ) i$tlT^-5o 

[0054] x-lt. zcnm%iz>+Ht. m%mffi$ti 
§st h >-*ji^***tp 3 2 i; trnMrnm** 1 1 h 

(C, ^miiS^5i:«ffiSI3 3$rifl^JlC^U. h > 
3 2CDpGiS«>£ : &i±5^mi£Vout<i:L-T^ 

[0 0 5 5] dCTij8S;-t:>-!m> ttTlCi^^-SlS^:^ 
TSia "<}"•?) i t^'X^'So EP*.. 014tC^Lfc#^l 
1 ~ 1 stifflST 5JI£*r-T£«iI&££t£3 0 itc^ 

:4ct.TJtfilA-7r'J -/^lelKSrWlST*. 
Ss. B'«h> til 'ai$f 3 2t^§^?W^W 

Stir. ^IIWL TlWIB«»aiKCTaElKT*ftl»S* 

L. B^hxMilff 3 1, 3 2ffli 

S^tS OO^koO ft # o 

[0 0 5 6] C««fc5i:««Lfc«a-t>-y-«w*5l->T 
is. iS'S. h > t-n Jto%m"T- 3 2#«SUMt3irT^3;i 
t*»e>. [^^3 2©»ta{Ili^je^l'Bi^^^-S 
«R0T*S. i«t->tJW»**f3 1l:. |S| 

€r^S6^Mjnt>^Tu-5Jf^ici±. Isl^f 3 i coffi 
3 lie Plsii7-3 \ <Dmj£f&itmc»fcito:>\ft£ tfclifa 

&iD+ft-*z&tj.9imtnffiintor>x\i*zm&\z\t. mm 

f 3 l^J£Jn(ftlSR0+ARui:^-5o f^t, fir^lE 
iH3 3 cr>mi££ Vint -r-5.il. tii^miE VoutWft^I 
VmaxIS. Vmax=VinX (2- (A Rd.-'RO) ) - 
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1) t'S$n. ft/MtVminte. Vmin=Vin/ (2 + 

(ARu/RO) ) •■• (ft 2) 

[0 0 5 7] «f!th>*^8!l** ; P«. 
ffla^«{bbT i t)±8e» 1 CO A Rd 'RO. fttfft 2 CO A 
Ru /ROtO^kft^/J^^i^^^ttSrWLT^^o t*J 
AMU a 1 7 coS-te^i'Cii, ARd'RO, St/ARu/ 
ROtJ^H, 9 0, Rtfl5 0 < CK# 

L . -^tve'tt. 0. 065, 0. 056, 0 . 0 4 
9*|]gX£-5. Sot, 1«S2 5, 9 0. Rlf I 5 

onc#L, iiiem^,-tr>-y-coai^m/:EVoutcog*M 

VmaxH. 0 . 5 16Vin, 0. 5 1 4 V i 

n, &tfO. 5 1 3 Vin£&-5o SltS«2 5, 

9 0, rJisotiiMU _hie^m*> H tco[±5^m[E 

Vout^SMMIVminli. ^n^'rugO. 4 8 4Vin, 
0. 4 8 6Vin, RZfO. 4 8 8VinT*5. BP^. ?« 
iti&A^ gft; LfcipTfe-sTt), hiamm-t > CO tB 
^m/EVoutcoft^cMVmaxttO. 5 1 V inflgcOBS-'/E 
Mi&D. ai^ltaEVoutcog/hfiSVininti. 0. 48V 
infe!J$cOB§-5£fil£:&-S)„ ff^T, ±.gef#®£Wt-3& 
^-t>-tHi. ®S^ttrt5&ff&fccOi:fcoXC>£,> 

[0 0 5 8] Ccoem-fe> + J-co§%®^(**tT«) 
aWjtg/EVoutWg^ffVmax, H;/J4iaVniin£l3*L/i 

iK'WtVmin (^-f>B) te. ±^JKfi^cO±«(C 
ritOfs]— coMt^:?)Ci755^^ 0 .insi=kO. n^mW- 
co^facog{fc£&!±!t-3fc*cor*aii« (n^m^: r o j 

Tcfc-Si^cotii^mJEVoutlrfflyif -Mi) 7-T > 
c ex* Lfz «fc 5 (c±fB^iaj*co^«{rig 0 iSST* 
fox. ±tem«-t>-y-(i. »*fi§w* 

£l ^fflX^ftb/c^tliS^X*... fl-g&fiB#CO*ftcO 

[0059] (mi 5*at»l8©*»«) S 1 *lS#tt<0 
13 1 ll^Xfei&llX/nLitcfcoll. fi&a& 
«Stlfc«Sth>*»US!l** : f : 3 2COj^«1t;£5rtb^m 
JEVoutt-TSfttoDK. «*h>*H-«** : F3 1 CO 

(ioismfiE^ai^mrf v 'out<hbfct>tf>x&9, f&cogc 

[0 0 6 0] -co^S-d^^Tti. aift^Ev 'outco 
Sa^cliV ' maxRc^'ft/hfilV ' minli. \M.ifcfeMJ£W.3 3 
co'«/EVin^e>±feft2co*/h«VminRt/ft 1 coft* 
MVmax^^-n^nMCfefli^^o i£oX. dC0J;e> 
llrtifj^&OttL/til^lliit^Xfe. (±i^^/£V 'out 
coM AcffiV ' maxRtfS/hffiV " minttWgi&JtHBSfc £ 

-rss -Sdi^-So en*., -co^s-t>-tni. ?ai¥#ti 

^S^nTfcD. Sfc. ^gffi8^CO*f6]CO^k€:*Sffi 

[0061] {^2%mmm) 0 3nsLfcW2*i6jfj 

tg(ifS-5^a.-te>im, 131 4H£>it5Sl&i onffiS 
"4" 5> 4 0 J:J1^6Jt;*n/i^b>?^ua£*t^4 
1. 44t. RISK 4 O hlZ^BK^nm^iEiS^ffi^n 



»h>*;W»*JlH t 4 1~4 4c0£*li, mi 4 -Ell 
6fcjRLfcJ:-3H. |B|-«fi£A>£fc**»ffl (WAtf. 
5 o o<@) <B««h>*^lM^€:it#lft**ixfct>ro 

X&O. am h>^;l5c4m^^4 1 ~4 4CDg-*£#lE£ 
-f^fiiflBffiftcOfi*^, h >*>l--$£*^<7)&B5&8ft;Jl<0 

[0 0 6 2] f LT. 3CO<8m-t>+Hr*5^T(i. J&Sl 

jgjg$nTi>^c»fisaK>^;i'^^f-4 i (D-mtm 

%mm£tlT<^Z>M%b> 4 2CO-SS&£# 

&t >o& h > ■*;w»**4 r - 4 4 o-itwtttsnti 

coo?IgSS*75<«^$n, dco-»co[Hi?ggm^Br^m 
EER4 5C8**nT7;l^'J y vlHlK£t!$E£L.X^ 

[0 0 6 3] HI*.. I»h>*^**f4 lCOffiSi 
fig^v h > *;i^lif 4 2 cofffi^H. B8K^mmjg4 5 

^T-4 3 coftiatfig* h ^ *;l-a**f4 4 cOflilSli. 

fiS^h^ 4 1 CDHJtfiBKtHfl) 

B£ $ nfc«{t«oiRi # tiatK> *;u»»* : f 4 4 cos 
^mfb«coB.15E5 nfcSBfttoioig t^as^-i^t-Sct ^ 

tl. fiB» h ^^Wft**?" 4 1. 4 4 iWEttSnTH 

*«ftHi sn. c n 5 co^jt * co*tt^^M-fe > tt-coai 
^jfttH v ou 1 1 -5 J: c> t- $ ri x ^ 5 . 
[0 0 6 4] -com^-t:-t>-«. H14l:*LfcSil 
1-1 8Kffl£-t*«£#T*flMM*£S»4 0 JiUff; 

cneco«H^*J-aico e j:^{c^LT7^y'j 

2, 4 3i&5--^»£«^l:i , )tILTB 

X €? C ^Pi K CO 3$ V >S « 5r f* # T ^> C t V ffi % B « 1 ^ 
^ML. dtu:j;i). «ah>^H*** -f 4 1~4 

[0 0 6 5 ] CoO = k'j^^fitL/iffi^-fc>- , ttC^^X 
(i. JKM h > * ^%M \- 4 2.4 3 $ ttX 

|s]^T-4 2. 4 3 cOffifetMli^gC^I?-^ 
P8t>^T— Jg<IR0X*-5)o B^h^T-il'M* 

F4 1. 4 4l:^gl5«^-7 , )iJja*:.oXC^<£^^^ICtt. ^ 
if41, 4 4 coffifafltjRO H > 

t-a-a^^-4 i , 4 4H. ^nbco^T^H^^t® 

co^ftiOl^ 1 1 PQ - X Wi »lfil ^ co-hft* * 
^ftlbot, mm=F-4\, 4 4 cojginfflli. ftl-fnR 
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0-RdX(iR0+Ru£&-5. C0O>£, tti^JIVout 
cDS+dlViaxti. Vmax=Vin/ (1 + 2 - (RO/'A 
Ru) ) ••• (S3) . g/MfiVminH. Vmin=Vin/ 
(1-2 • (RO/ARd) ) - (ft 4) T'S$n-5„ 
[0066] ft 3. ft4. &t^0 1 7 WjM)£IC«tn«. 
atftfflK*^ 5-15 Ol:»®St:fft1"oca. &± 
fflVmaxHO. 03 17Vin~0. 0 2 3 9 V inCDPe'lT 
g/WSVminti, -0. 0339V in 
~-0. 0 2 3 9 VinroRHt^t-rS. SP^. ±f2$l£ 
Cl=ktiti'. tti^ffiVoutOM+cMVuiaxtg/hfiViniii 
troi (0. 0 6 5 6 Vin~0. 047 8Vin) tcttb 

S^evmaxtf)«l«a«*<t»:«t*«».^=0. 03 1 
7Vin- 0. 0 2 3 9Vin=0. 0 0 7 8 V in, St'hfct 
VminWli%iB^ICj;S^i)j^=0. 0 2 3 9Vin- 
0. 0 3 3 9Vin=0. 0 1 OVin) A't^'I^^. ^ 

nn*tu mi 7 <Dmm\zm^^rzmw&9ii&<om-km 

Rmaxi^/httRminicDllARiiim (B§0. 1 5~0. 2 
OQ) tt, 3S*fian::«fc5lSifi«©£Ki# (0. 13- 
0. 2 0Q) t[^g^T-*-5= tUi^b. Wi2-Mffi&m 

«, -iKicBii 7ic^ufc«t^7i^--y-wsfit^ft;t$ 

[0 0 6 7 ] 0411 _hfB01 7CDjpiI«i(rfflt^cmmh 

Vmax (7<>A) ift'hMVniin (5"T>B) £*bfc 
0T&£„ S475^I«$n?.J;5t:. iB£t#tt#&» 

V on t coft+dit V max <h ft/hte V m i n L - £ i -5 

[0068] ass 3 mmmm) 0 5 l it* 3 

fg{C^-oJB^-b>+MJ, 01 4(C4ot-t-5StSl OUffl-iS 
■4" i>I1S5 0 _h(I^B£$nfc^ h > t-A'?^^ ; f- 5 
I. 5 2^TU5. S^H>MMif 5 1, 5 
2CD&^(i. 0 1 4~0 1 6 tr^L fz£tilZ. |S] -Wfi? 
^b&olgftfi (mii. 5 0 0(H) W®mh>-t-^vj 

5&$T-£it#Jfg^b?tfcco-ei6£. h>*;ix!j£ 

5 1, 5 2 ^^)5ET-g.qfI5fi«ft»{Sa h >*n»* 
^i-'-roftH)£B{t:»ro«ffc«)ifii*ti. 5 1. 5 2 CD 

ffiftd^SlftcOF&l^i. SBt«h>^;l-9S**T-5 2 COS 



[0 0 6 9] -t IT. cLGD«B^-t >-!*«:. !Sh>M 

as**? 5 1 ill h >*;w»»* : f 5 2 tzmvmm 

b, SIK^Mlif 5 2 CO^m)£$:tii^«)£V 
ou t i L TftUUT A - 7 ^ 'J v/ ^IelB»c ck 0 #§B£ 2 tit 

[0 0 7 0] Cc7)S8^-fe>-9-^«T^ai-<'5XSS:^T 
KjfiT-5clt^T^-5. Bim, 0 6t;i¥E0£. @7C 
lEffiia^r^LfcJ;^!', 01 4(C*Lfc&Sl 1-18 
tCffi^-r-5S*Wt--5-*fCD«B(*:5 1 a, 5 2afi 
I5 0±l:WL, A-77'U -y^[eIS&$r«lP)c-rS^< 
S£1gl8l5 4KcfcO|B]-*tCD«g#5 1 a, 5 2aJ« 

«f5 5, 5 6*JBl£-f*. #C^T. 0 8 (C* bfc<fc 5 

CD[6]£Sri?r5£c9|6]£ (08Hi5tiTI±*(6l€) KB^t" 
-5. ^^-C. 09 Ic^bfc fiSIf 5 2aCML 

FMH^fflViT0 8 (C^L^cB^iliS^COrp] 
^CDGBit^tt^-b. (MKS^5 2 aCQH^figteJf SrfiB-ft: 
U |^B{tcO|S]#$rn9fBf5f^W(pJ^i:(iSMCD[P]^ (0 

[0 0 7 1 ] CL<0«^-te>-»m, ttTti^SI 

(A) ir7KbfeJ;^(C. ^-cO««5 O_ttC0 1 4t~^ 
Lfz&mfrZteZ-ttOf&MfrS la, 5 2 a S^fiET 

*ot. 010 (b> (rTKbfccfc^tr. ±mz-m 

SB«SM#UT. «[)■<*: 5 1 a, 5 2 aff)ra£MI 
£|B]-FS]£ (010 (B) t'*JV>TfelRl€) (cfig^bL, 
-€-C0fS. 010 (C) (I^bfccfcpt*. «J1^5 2a$r 
IfcfiBttttSKcfcO&if LT^jg^^-S. "5" bT, 0 1 
0 (D) (C^b/rcfcoH. ^tc:*]b0 1O (B) (C^ 

w c r * b rzmm t «s * co^ii ( _hie®^,iiis (c: 
*. m%.mm-£tiT^ti^mm&5 1 acoH^^eco 

cr)ffi{bcOrS]^iSM^]^i:fj:S 0 010 (E) 

^(C@/£^b*coES{t;cOift]^^S*K^^"c?^-5a^ h > 

[0072] ±.m^3^mmm<nm% j t>^\zi6^x 

(j, ngEB^coic^^ A ? r o j coi^H, iSHSSH>^ 
«|f5 1, 5 2<0ffitt«li#KRO<!:teS. * 
Ac. nfi5«»roi6j€^fiaia h 5 2 CO@« 

ffi.\tMCDmit<DmZ t[S]- (0 5(r*5^TTl&l^) 
Sttrti. fiS^h>*;i«!)** J F5 1 , 5 2 0SRM 
li. ^-nrnRO+ARu, R0- ARd£ft-5>o Wl*. ^ 
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<Dm{t<nfa££Wl- (0 5{Cl*3OT±ft#) T'&stt* 
tt. fiSSh>^^5^^^i 1 5 1 . 5 2 9)fifitli. t*l 
-e-YlRO-ARd, R0+ A Rutft&o ft-?T> ttiTjmiE 
VoiitcoR^Vmaxti. Vmax=Vin- (RO+ARu) 
/ ( 2 R0+ A Ru— A Rd) - (ft 5 ) £:ft9. tti?J^ 
BiVoutcO^/JvflVminli. Vmin=Vin- (RO-AR 
d) / (2 R0+ A Ru- ARd) — (ft6) * 
fc. -IRC «SHh>**3»** : f-»:*i«'>Ttt. ARu 
= ARdf*4©t, AR = ARu=ARd£*3< i. ft 
5, ft6ti. W-ftl. Vmax=Vin- (1+ (AR/' 
R0) ) -'2 — (ft7) . Vmin=Vin- (1- (AR/' 
RO) ) • 2- (ft 8) ttf$n«.. 
[0 0 7 3 ] £cOi§£. 01 7<DffiS^lCfflV^camh> 
^;i#4^:5{IT^^J^i'5t. iSrAfiiVinaxti. 020v 
ODtCT^LfeiolCO. 5 3 3 Vin~0. 5 2 5 V 
inSSi&D. ft/hMVmin«0 2W7 f >EtcT^L 
fc=fc-jlC0. 4 6 8 Vin~0. 4 7 5 V inSS<t^c-5. 

[0 0 7 4 ] 01 9(1 017 <DMfe\zm^tztm (W. 
T. liWX) tl^-t«Bt<01S^Y$r^l-Xi:l^-co*tS 

X, YOTH5£fiB{bJB0)*HB*:fT^, jitft- YcO@5£fi£{t;II 
<Dt&it<D ft £ * a» X <7) n i liJS *f co ft £ 1' fi&{ fc I tz 
m\ Y CO 5?- Id 2-t T -5 ffitrttt CO S<t £ * L T U 5 „ 

«»:tTt>nntf. iSj^-co!f#tt(i|6]- (W— ©^:*$©S1- 

A'ft^'S^^K ^755^ o 7c i ^ cOffitrifiirtqs] 
-■-) i ft SfrrT' 017, 0 1 9 ^<E>#R>cfc o 
C. 6t»X. Y^ttliSJioTV^. 'coctli. (8 

[0 0 7 5] 02 0 (±. J:Ktt»X. Y £±?5Ml 3 ^JJ6 

ff^ftico^^; > -z-ivmw^ si. 52 c^nfntiffl 

U WiiiiSmfEifg 5 3 iOtl£* 1 V t L fcif^-Kfctt 5 

ii«traj^2 5. 90W1 5 ox:-c?co^-fe>-y-cou'r/j 

roj iri>itsm^iaJEVout«— BP*;. Z 
<n£o\zmfcltzm.% J £>-*fte, imx, ycoa*^; x 

(UP*,, ^cOTJI&l) 



^-g6<s^co*e*+tt* s '*^o«^T'*>oTfe. ^(D&jrm 
moym&umz^&mmt'hz^zttfmz. in*., m 

[0076] <sg 3 nmmm^ mm) 0 1 1 \z^Lfz 
S 3 nfoftzmiz i&Sfcgm-t >u-tf>£j#Wi. &*m h > * 
jkai*f si, 52*5, -en-?nsi|cos«5 0 a, 5 

©fctttt* 3 1 [31 UTS So 

[0 0 7 7 ] z<D$tB&nz&Z>M%-t>*)-\t. ElTfciS 

^-5XgS:iST»^-r-5o BP*.. 012 (A) H^LAc 
cfc-plC. *-r[s]-»^5 0 a±K01 4\Zjr,L,fz&mfr 
t>UZ--tt<7)&m#5 1 a, 5 2a«n. £cOt 
^, «5 1a. 5 2acO^&5 1b, 5 2b*SH 
KttATSftSfltSttTiK. IH*.. «JP&5 la, 5 
2 acoft^-^S^ii^-Si-plr. |f38UH££P&£-r£. 
fit. £&t:tfUTH£ftftSN8#£tt- ! ?-LTfl[Sf* 

5 1 a, 5 2 anmfef&itmzmit-rz, di7>l$,&T. 

lth>W?JlIif 5 1. 5 2A*»S*l*. 0 
12 (B) lC^LfeJ:o»C. *«5 0 a«rSI65 0 bi 
S1R5 0 c{C*fl»fLT«aH>^^SSS*iR : f 5 1, 52 
^^8|-r?>o 012 (C) H^LTtioC. 0 

?Stf«5 0 d_f:lC«ffi5 lb. 5 2 b cOrS]*A : [B] l^ft ^ 

tfj.z£oizm^h>*>i?mm : ?5 1, 5 2$EgL 

Xra'AEL. *»t:&*«5 lb, 5 2 bZm^ltz^O 

[0 0 7 8] /its. ^;3*M^gg2fcy:^-co^^Jirt5U 

Tt>. mimmmm<Dm^tmwz. m%hy^jm^ 

m z m 5 2 © SSfllJE til ^mffi V ou 1 1 T S ft*? o 
C, ^h>^U3c6:^*^5 1 WP5**IESffi^«/EV 

[ o o 7 9 ] 4 %vmm 0 1 3 ic^ htz.m 4 « 

^S8(c^S^-b:>-9-ti, 01 4lc*5lt^S1Sl Olcffl 
^T5lfi6 0 i:i.l(f*6£S*a/tm 1 ~MS4fiB$S h > 

1-6 4 mi~^4fiSMh> 
^;i/SS*^6 1~6 4C0&*li. 0 14~0 16(I>K 

Ltz£o\z, m-m^^t^m^m mmx. 500 

0. Sl~i4Bgh>*i^?i-T6 1-6 4CO&* 

^m-r-SHtrflBia^j^^nfcmftcoje^. h 

>^^**T-6 1 ~6 4CD&*fC*30T^.TI^-ft^ 
$T-6 2 cO@5£SI{b« cO^tcOft € liS Wft # t ft: o T 

feo . m 3m% h>^ws»**T-6 3 coia^^beooe 
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[0 0 8 0] rLT. Z<D^4^}femW i iZi&Z>t&%.±> 

■»*-k*si»tw:. w,\-w,4mm,vy^)vn^m z f-& i~ 

t*<tttt$n. HfB3««h>*;i«** : F6 3 0>fl!ljfS 
<h IrISS 4 h > xd^iRT- 6 4 CDftfjJSS t *«ifigK3t« 

^. SliMh>WMif6 ltS2i!h>^ 
^JJH^T 6 2 3 ^ h > t-Jlx!) 

[0 0 8 1 ] ^coamt:>+Ki. ±sd^3^M^('^ 

i > Tjfto^ l tz^m t mmtznm \z «t o Kirt * c t * ^ 

*gT**. EP*>. H-£«6 0±H«K±BJB 1 -S4 
)Bah>^;l'Mif6 1-6 4tSnSfliff5rM 

[0 0 8 2] _hSSSl4^i!fe0!ii(O^m-tr>+K;-te^T 

;^H:*^6 1 ~6 4CDfS*a(iili^-TR0<h7i^>„ £ 

6 1,6 4<z>IS£&{tJiiW«Bfcwi^£J£;tffa# (0 l 

^;ijaf:^f6 1, 6 4<£ffiJn«liR0+ ARutfcO, 
3S2, f 3«Ih>MM*f 6 2, 6 3 (DSUtMli 
R0-ARdiJtc5. to*. ^aBBJfOlft*^* 1 . 314 
Sl^ h >*7k?>l**^ 6 1, 6 4 £>H£fiBft;JlCDfiB{fc<7) 
|£]££|s]-tfi]£ (01 3t-*5^Ti:|6l4r) T'S^t^ 
IJ. «1. S54BSh>*Jl'»**T-6 1. 6 4« 
Ml±R0- A Rd<£&0. ^2, gl 3fi£^ h >*A£!)^ 
f6 2, 6 3<D}g4n«e(iR0+ ARui^f-5. 

ic. «*h>*fl'»SI*- : F-K*sv>'rii. A Ru= A RdT 
AR = ARu=ARd<hi5< i: , tfi^GF.Vou 
troft^iitVmaxli. Vmax= 2 • AR/'RO- (SU 
1) . ft/Mi Vminli. Vmin=-2 • AR/R0- - (gc 



1 2) i&oo 

[0 0 8 3] 0 1 7COl'lS0iJ(Ci3^T(i. AR/ROCD 

ffiteO. 0 6 5-0. 0 4 9T-*D. IftiSSroSfbi: 
<fc<5g*ft<'l>£lr>. ^OT«Fl4tt«Sth>*.»ua* 

wilt >-*tt»£t#ttA*afc#a fe© t T ^ 
•5. ifc> ft^MVmaxliiEroiBT&D. ft/HlVmin^ 

T. tt ro j £G9fi£T5;i<hK<fc9, ia*^^<t 

[oo8 4] a-tniwiufcJ^K. *%w<n&nmm 
m Vkzt&mm) \z£ti\t, h 

t <D ft *ffi V max £ ft 'MI V m i n t t>m*%M& <D&it b 5 

[0 0 8 5] «c*S. *»Wtt±3B*Jfi®SH3»^Sni 

pKbfc*^ ^3^SSPSI<75^^1i:lBltitc, 
[0fficoS*^cise^] 

[0 1 ] #-mw<o?& i *is»iftfc«*«a-t >-y-»«t 

[0 2] Sl^JfiJgSIHL^SB3||Jfi^!Sll«4«a-t: 
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(54) MAGNETIC SENSOR AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve temperature 
characteristics of a magnetic sensor which uses a 
magnetic tunnel effect element and also to improve 
detection precision of an external magnetic field. 
SOLUTION: The magnetic sensor comprises magnetic 
tunnel effect elements 31 and 32, and the magnetization 
of each fixed magnetization layer of them is in the same 
direction (the direction indicated with an arrow in figure 
1). The magnetic sensor comprises a half bridge circuit 
where a magnetic tunnel effect element 31 and a 
magnetic-shielded magnetic tunnel effect element 32 are 
connected in series, to which a DC constant voltage 
source 33 is connected in series. A voltage across the 
magnetic tunnel effect element 32 is taken out as an 
output voltage Vout. 
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